Abstract-This paper presents a compact shorted patch antenna. The antenna is based on an F-shaped printed conductor coaxially fed with an electromagnetically coupled shorted inverted F-shaped antenna interleaved with each other. The overall antenna is then coupled with a rectangular ring. The antenna has dual characteristic features and its resonance frequency is at 1.85 GHz and 2.42 GHz. The measured return loss bandwidth and its far field radiation patterns are presented. The gain of the antenna is 1.6 dBi.
I. INTRODUCTION
With the recent proliferation of wireless communicating enabling portable devices, it is essential that the device looks aesthetically pleasing and be able to operate at multiple applications (for example, mobile communication and Bluetooth). Antenna designers are faced with the task of designing small antenna and that can operate in at least two frequencies. There are many circumstances and advantages in utilizing shapes that are neither circular nor rectangular for radiating patches in microstrip antennas design [1] due to the space constraints of the portable device. Some of these shapes include the 'H' shaped patch and the 'E' shaped patch. A meandered F-shaped patch as well as miniaturized printed circuit board wire antenna was investigated for WLAN and bluetooth applications [2] . It was shown that a 57 % reduction in the total area was achieved when compared to that of an inverted F antenna [2] . However, the resulting solution yielded a single operating frequency. Recently, a dual-frequency shorted patch antenna was presented [3] . The antenna utilized slot to generate the second resonance on the antenna.
In this paper, an F-shaped printed antenna is proposed. The antenna consists of an interleaved straight F-shaped printed conductor and an inverted shorted F-shaped antenna. The present configuration reduces the overall surface area occupied by the microstrip patch antenna instead of a wire antenna. The introduction of radiating slots in the F-shape conductor contributes to the reduction in the antenna size. A further reduction is achieved in the interleaved F-shaped antenna by utilizing shorting pins in close proximity to the coaxially fed antenna. The overall size of the antenna is 0.173λ 0 × 0.185λ 0 × 0.045λ 0 (where λ 0 is the free space wavelength of the antenna). Figure 1 shows the schematic diagram of the proposed interleaved F-shaped shorted patch antenna. As can be seen from Figure 1a , the antenna has an overall length, L = 28 mm and width, W = 30 mm. The concept of this antenna is based upon the principal of any dual resonance antenna, namely, that if a mutual resonance can be formed; the overall impedance variation of the antennas will be minimized enhancing the impedance bandwidth of the shorted patches [4] . The antenna here consists of two patches, namely, an F-shaped probe fed patch and an electromagnetically coupled inverted F-shaped patch. In a typical F-shaped printed antenna, there are two regions where radiation takes place. This is the horizontal arm and the vertical arm of the F-shape. To further enhance its bandwidth, an inverted F-shaped patch is coupled to the main radiating patch. This acts as the parasitic patch and radiates mainly due to the horizontal arm. Due to the mutual coupling between the radiators, the impedance bandwidth is enhanced. The parasitic ring around the main patch also contributes to the total radiation of the antenna. By incorporating several radiating slots, the bandwidth of the antenna is enhanced. The traditional method of embedding shorting pins in close proximity to the radiating edges of the F-shaped antenna is employed here. It is interesting to note that when the shorting pin is removed from the inverted patch, the resonant frequency is increases by 0.85 fr λ .
II. CONFIGURATION AND DESIGN STRATEGY
Large conductor size reduction is achieved in this proposed configuration by maximizing the current path on each printed conductor. To couple power into the antenna, the straight F-shaped patch was connected by a probe feed. This is done here by connecting conducting pins through the dielectric material from the ground plane onto the antenna port positioned at (xp, yp). The interleaved F-shaped antenna was designed for an input impedance of 50 Ω . As Figure 2 shows the simulated and measured return loss of the proposed antenna. The simulated results were obtained using the Zeland IE3D Commercial Software Package. As can be seen from the plot, the -6dB (3:1 VSWR) return loss bandwidth of the simulated and measured results are in good agreement with each other in the L band of the frequency spectrum. However, the measured result degrades below 5 dB. This degradation could be due to the small fabrication tolerance associated with this antenna design. As can be seen from Fig. 1 , only a 0.5mm gap separates the two Fshaped. conductors. Moreover, if the etching is not perfect, degradation in the return loss characteristic is expected. Another tolerance limit is the location of the second shorting pin, i.e. (xsp2, ysp2) . If the shorting pin is located even slightly over the edge, the return loss characteristic will degrade. As can be seen from the experimental results, there are two resonant frequencies, namely, at 1.85 GHz and 2.42 GHz. The bandwidth of the antenna is 7.1% and 1% for the lower and higher resonance respectively. The two resonant frequencies are due to the two shorting pins used in the antenna configuration.
III. RESULTS & DISCUSSIONS
The far field radiation patterns of the interleaved F-shaped printed antenna were measured at 1.85 GHz at the Royal Melbourne Institute of Technology anechoic chamber and are shown in Fig. 3 . The H-plane and E-plane radiation patterns are shown in Fig. 3a and 3b respectively. In Fig. 3a , the patterns show that the cross polarization level in the Hplane is relatively high compared to the cross-polarization level in the E-plane in Fig. 3b (note that the broadside is 90 degrees on the plots). The co-polarization levels for both planes are literally omni-directional, however, there are slight dips on the E-plane and can be seen at 10 degrees and 160 degrees on the plots in Fig. 3b . The ground plane of the antenna extends 1 cm on each side of the printed conductor.
The gain of the antenna at the broadside is 1.6 dBi. The patterns also show that the antenna radiates well at the back as well. The gain at the back of the antenna is 2.6dBi.
IV. CONCLUSION
An interleaved F-shaped printed antenna with dual resonance characteristic has been presented. The interleaved patches are enclosed with a rectangular parasitic ring to further improve the bandwidth performance. The antenna resonance is at 1.85 GHz and 2.42 GHz with its impedance bandwidth of 7.1 % and 1 % (3:1 VSWR) for the lower and higher frequency respectively. The measured gain of the antenna is 1.6 dBi at 1.85 GHz.
